The usefulness of double-phase parathyroid Introduction technetium-99m-MIBI scintigraphy for the detection of hyperplastic parathyroid tissue has been described. The use of pre-operative imaging in patients with The aim of the present study was to establish the hyperparathyroidism remains controversial. A wide effectiveness of this new technique in the morphological variety of imaging techniques have been proposed to and functional assessment of parathyroid glands in localize either parathyroid adenoma or hyperplasia, patients with different types of hyperparathyroidism. but the sensitivity of the majority of them is too low We performed 99mTc-MIBI scintigraphy (MIBI ) and to justify their routine use [1] . neck ultrasonography in 38 patients with primary (n= In recent years, 99mTc-sestamibi (MIBI ) scinti-16) or secondary (n=22) hyperparathyroidism. All graphy has been used for the localization of parapatients underwent surgical neck exploration, remov-thyroid glands as an alternative method to 201Te/99mTc ing a total of 84 parathyroid glands. Before and after subtraction scintigraphy [2] . MIBI is a lipophilic surgery, blood intact parathyroid hormone (iPTH ) radiotracer that concentrates in the cells and inside the was measured peripherally and in both the right and mitochondria through active transport and passive left internal jugular veins. In patients with primary diffusion. In metabolically hyperactive cells, the hyperparathyroidism, ultrasonography showed one number of mitochondrias is increased and, according enlarged gland in 11 cases (69%), while MIBI was to the degree of cellular activity, different MIBI uptakes positive in 15 (94%) (including two ectopic glands). can be observed [3] . The sensitivity of MIBI (93%) was greater than that Recently, a simplified approach to parathyroid scinof ultrasonography (68%), with a similar specificity tigraphy using a double-phase procedure after i.v. (100 and 97%, respectively). In patients with secondary injection of MIBI has been proposed [4]. After the hyperparathyroidism, there was a discrepancy between injection (first or thyroid phase), MIBI concentrates both imaging modalities in 29 glands (33%). The in thyroid and parathyroid tissues; in the second or sensitivity of both techniques was similar (41 and 54%, parathyroid phase, its activity decreases in the normal respectively), with the same specificity (89%). There thyroid while residual uptake persists in the presence were more difficulties in detecting the upper than the of parathyroid adenomas or hyperactive tissue. This lower pathological glands. MIBI reflected more accur-new technique seems to be sensitive enough to detect ately the functionality of the glands, and ultrasono-parathyroid adenomas, but this procedure has not graphy has a better correlation with the volume and been evaluated sufficiently in other parathyroid weight. In conclusion, Tc-99m-MIBI scintigraphy is a conditions. good technique to identify parathyroid hyperfunctionOur aim was to establish the effectiveness of doubleing tissue in cases of primary hyperparathyroidism and phase MIBI scintigraphy in the morphological and to detect ectopic glands, but it does not give signific-functional assessment of parathyroid glands in patients antly better results than conventional ultrasonography with different types of hyperparathyroidism. in patients with secondary hyperparathyroidism.
hyperparathyroidism (13 women and three men) and 22 (11 These areas were scored for activity on a three-point scale:
1=faint uptake, 2=moderate uptake, 3=marked uptake. women and 11 men) secondary hyperparathyroidism.
Before surgical exploration, a MIBI scintigraphy and a parathyroid ultrasonography were performed in all patients. Statistical analysis During surgery, just before dissecting the parathyroid glands and 15 min after excision of the pathological tissue, Spearman bivariable correlation was used to calculate corcirculating intact parathyroid hormone (iPTH ) was measured relations between parameters. Mann-Whitney U and peripherally and in both the right and left internal jugular Kruskal-Wallis statistical tests were used to compare distriveins.
butions between two or more groups. To adjust for repetitive testing (Bonferroni problem), we considered differences to be significant at the level of P<0.05. The comparison
Neck ultrasonography
between the different diagnostic techniques was made by the exact calculation of binomial probability. Sensitivity and The ultrasonography study was performed with a 7.5 MHz specificity were calculated by standard methods. A P value duplex-Doppler (colour) transducer, with the patient in the <0.05 was considered statistically significative. supine position with hyperextension of the neck. The ultrasound examination (axial and longitudinal scans) included the thyroid region and the areas above and below the thyroid Results gland, to identify the parathyroid glands in even atypical locations. Normal parathyroid glands are not visualized with the equipment currently available. When pathological glands Biochemical data were observed, the echostructure (hypoechoic, homogeneous, All patients had increased blood iPTH peripherally inhomogeneous, calcifications) and size ( longitudinal and and in both right and left internal jugular veins, anteroposterior diameters) were evaluated.
independently of whether they were suffering from primary or secondary hyperparathyroidism, although Surgical evaluation the levels were lower in primary hyperparathyroidism. After parathyroidectomy, these levels decreased in all All patients underwent bilateral surgical neck exploration, cases ( Table 1) . In patients with primary hyperparathyroidism, parawas >95% in all labellings.
Anterior views of the neck and the upper thorax were thyroid ultrasonography showed one enlarged gland taken with the patient in the supine position. Images were in 11 patients (69%) and MIBI scintigraphy showed obtained at 15 min (initial or thyroid phase) and 2 h (delayed focal areas of increased uptake in at least one gland in or parathyroid phase) after the administration of the 16 patients (100%), but one was a false positive and radiotracer. A digital gammacamera ( Elscint SP4-HR) with another one a false negative. In two patients with an a low-energy, high-resolution, parallel-hole collimator was ectopic gland, only the MIBI scintigraphy was able to used. localize them.
The scans were interpreted by two nuclear medicine physiThe sensitivity of MIBI scintigraphy (93%) was cians without previous knowledge of the patient's data. Focal higher than the sensitivity of ultrasonography (68%), areas of increased uptake which showed either a relative with a similar specificity ( Table 2) progressive increase over time or a fixed uptake which persisted on delayed imaging were considered pathological.
In patients with secondary hyperparathyroidism, FP  FN  TP  TN  S  SP  PV  FP  FN  TP  TN  S  SP  PV   US  O  5  11  40  68%  100%  91%  US  2  36  25  17  41%  89%  52%  MIBI  2  28  33  17  54%  89%  62%  MIBI  1  1  15  39  93%  97% parathyroid ultrasonography showed at least one Some of these methods are not invasive, such as enlarged gland in 16 (72%) patients, and MIBI scintiechography, computerized tomography, nuclear maggraphy showed focal areas of increased uptake in at netic resonance or talium-pertecnectate scintigraphy. least one gland in 18 (82%). Patients with negative When these methods fail, some invasive procedures scintigraphy had lower peripheral blood iPTH than can be used (arteriography and selective venous patients with positive scintigraphy, although the cathetherism with iPTH measures). About 5-8% of difference was not statistically significant. surgical failures are due to the presence of ectopic In one case, MIBI scintigraphy revealed the presence glands not diagnosed by standard methods. of an ectopic hyperactive lesion not detected by Although many parathyroid surgeons question the ultrasonography.
necessity of imaging before surgical exploration, the A total of 23 (34%) pathological glands were not appropriate identification of all the pathological tissue diagnosed either by MIBI or ultrasonography, but is important in order to avoid future recurrences and were identified during surgery. surgical interventions. A positive correlation between the size and the Double-phase parathyroid 99mTc-MIBI scintiweight of the gland was observed only when diagnosed graphy recently has been considered a good technique by ultrasonography (r=0.6, P<0.05).
to locate hyperfunctioning parathyroid tissue [2, 5] , Patients with higher iPTH had a marked tendency to incorporate tracer. However, there were no signific-showing a high sensitivity for the diagnosis of adenant differences in weight between MIBI-positive and omas but lower for hyperplastic glands [6-8]. 99mTc--negative glands; however, when only MIBI-positive MIBI is sequestered inside the cytoplasm and mitoglands were considered, a significant positive correla-chondria, and its degree of cellular incorporation and tion between the uptake score and the gland's size was retention depends on the electric potential generated found (r=0.4, P<0.05).
through the cellular and mitochondrial membranes There were more difficulties in detecting the upper [9,10]. The actual mechanism of the radiotracer captthan the lower pathological glands ( Table 2) . Also, ation in the damaged parathyroid tissue is not comthere was a discrepancy between both imaging modalit-pletely understood. ies in 29 glands (33%).
In the present study, we have observed that measurIn patients with secondary hyperparathyroidism, the ing iPTH in both internal jugular veins separately can sensitivity and specificity of both diagnostic techniques predict accurately in which side of the neck the hyperwere similar but lower than in patients with primary functioning tissue is located (right vs left); however, it hyperparathyroidism ( Table 4) . is an invassive technique with possible complications, and its routine use is not recommended. Our study confirms that MIBI scintigraphy is a Discussion reliable imaging modality for locating parathyroid adenomas in patients with primary hyperparathyroidMany methods have been used for the diagnosis of ism, with a high sensitivity (93%) and specificity (97%). both primary and secondary hyperparathyroidism.
For the diagnosis of secondary hyperparathyroidism, the sensitivity of MIBI scintigraphy was greater than The high discordance found in secondary hyperpara- 
